Ever since the first description of Erythema chronicum migrans (ECM) in Europe [1] and of Lyme disease in the United States [2] , tick-transmitted toxins, viruses, rickettsiae, and spirochetes have been considered as possible causes of these ailments. Early hypotheses suggested that ECM represents an allergic reaction to a toxin associated with the tick or may be caused by a live agent transmitted during the tick's feeding process. The toxin hypothesis was abandoned when Hollstrom [3] demonstrated the effectiveness of penicillin in the treatment of ECM. His findings and those of Binder et al. [4] , who succeeded in eliciting ECM in volunteers by transfer of lesion biopsies from a patient, strongly suggested an infectious agent as the cause of the disease.
Spirochetes became the prime candidates, because, as early as 1948, Lennhoff [5] claimed having seen "elements presenting the morphological aspects of spirochetes" in lesions of numerous dermatoses including erythema migrans. A year later, Hellerstrom [6] [7, 8] . Using the Girouds' slide agglutination test [9] , they reported that six of seven ECM patients had antibodies in titers 2 1:160 against the epidemic typhus agent, Rickettsia prowazekii, the murine typhus rickettsia, R. mooseri, and/or the boutonneuse fever agent, R. conorii. Although these findings could not be confirmed by other investigators [10] , the rickettsial etiology of ECM was kept alive by the electron microscopic demonstration of rickettsia-like microorganisms in macrophages of two ECM patients [11] . This induced Weber in Munich to have sera of [12] .
In the United States, where the first case of ECM was described in 1970 [13] , some investigators believed that the syndrome was caused by an infectious nonbacterial but antibiotic-sensitive agent [14] . The subsequent investigations by Steere and associates in eastern Connecticut not only led to the description of Lyme arthritis as a new form of ECM but also to intensive efforts to establish the cause of this inflammatory disorder [2] . Among the many tests performed were serologic evaluation of acute and convalescent sera of patients for antibodies against adenoviruses, coxsackieviruses, cytomegaloviruses, hepatitis B antigen, herpes simplex, influenza types A and B, lymphocytic choriomeningitis, mumps and rubella viruses, Mycoplasma pneumoniae, and also against four rickettsial agents (R. akari, R. rickettsii, R. mooseri, and Coxiella burnetii). Sera of selected patients were tested also for antibodies to 216 arboviruses, 38 of which are tick-borne. All tests were essentially negative.
Epidemiological incrimination of the ixodid tick, Ixodes dammini-first considered to be I. scapularis but later described as a new species [15] -as the vector of Lyme arthritis, led to a field study of ticks in south central Connecticut [16] [18] . To determine whether these nematodes were present also in the digestive system, I dissected both ticks and prepared Giemsa-stained smears from individual midgut diverticula for microscopic examination. No microfilaria was found. Instead, I encountered poorly stained, rather long, irregularly coiled spirochetes (Fig. 1) . Darkfield microscopy of additional diverticula confirmed the spirochetal nature of the organisms, which had a rather sluggish and slow movement. Additional tissues, including salivary glands, malpighian tubules, ovary, and central ganglion of either tick, were free of spirochetes.
Subsequently, 124 remaining ticks were dissected and each of their organs was examined for similar organisms. Seventy-five (60 percent) contained spirochetes that were limited to the midgut (Fig. 2) . Organisms occasionally seen in preparations of hindgut and rectal ampule may have originated from midgut tissues. All other tissues were free of spirochetes.
Remembering the European literature, I could not dismiss the thought that the microfilariae did lead me to the discovery of the long-sought cause of ECM and Lyme disease.
Needless to say, I shared these observations with several of my colleagues, including Dr. Benach, who not only saw to it that I was well supplied with fieldcollected ticks from Shelter Island, but also provided sera from patients with clinically diagnosed Lyme disease for preliminary serological identification of the organism, and also Dr. Barbour, who at the time was engaged in a study of the variable major proteins of cultured tick-borne relapsing fever spirochetes and who offered his expertise to culture and immunochemically characterize the organism.
The antigenic relatedness of the L dammini spirochete to the etiologic agent of Lyme disease was established by indirect immunofluorescence as well as by western blot analysis of sera from both Lyme disease and ECM patients [19, 20] . Our initial indirect evidence that this organism might be the cause of this disease was subsequently confirmed by isolating from patients spirochetes indistinguishable from those detected in L dammini and by the microscopic demonstration of spirochetes in skin biopsies of cutaneous lesions of several Lyme disease patients [21] [22] [23] [24] .
One of our subsequent research objectives was to determine whether I. ricinus, the incriminated vector of ECM in Europe, was also a carrier of spirochetes. Evidence that this was the case was obtained from smears prepared in 1978 from nymphal ticks at the University of Neuchatel in Switzerland, where I spent several months conducting a tick/rickettsial survey in various parts of that country. Of 135 smears of ticks collected in the Seewald forest on the Swiss Plateau, where according to medical authorities ECM had occurred in the past, 23 (17 percent) contained spirochetes that tinctorially and morphologically appeared similar to those detected in L dammini.
In the spring of 1982, the U.S. Department of Agriculture gave us permission to import about 600 adult I. ricinus from the Seewald forest [20] . Of 201 individually examined ticks, 73 (36.3 percent) were infected with spirochetes. The organisms were limited to the midgut in 69 ticks but were found in all the tissues of the other four ticks. Of an additional 180 females that were fed on rabbits, 39 (21.9 percent) were infected. Two of them had a generalized infection whereas the other 37 had spirochetes in their midgut only. Both females with generalized infections transmitted spirochetes via eggs to 100 percent larval ticks in one and 60 percent in the other. However, as the larvae developed to nymphs and adults, the degree of spirochetal infection gradually decreased to a level of few organisms in tissues of the central ganglion only. This spirochetal behavior is in sharp contrast to the massive and prolonged development of tick-borne spirochetes and suggests that the growth conditions in the hemocoele of L ricinus are inferior to those in the midgut. Morphologically, the I. ricinus spirochete appeared indistinguishable from the I. dammini organisms, and antigenic similarities between the two spirochetes were apparent by direct immunofluorescence and SDS-PAGE protein profiles as well as by indirect immunofluorescence and western blot analysis of sera from ECM and Lyme disease patients [20] .
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